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Description 



[0001] The present invention relates to a production method for crystals of (2R,3S)-3-tert-butoxycarbonylamino- 
1 ,2-epoxy-4-phenylbutane and for crystals of (2S,3R)-3-ten>butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane 

5 [0002] The (2R,3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane [the following formula (1), hereinafter 
sometimes to be referred to as a (2R,3S)-epoxide compound) and (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy- 
4-phenylbutane (the following formula (2), hereinafter sometimes to be referred to as a (2S,3R)-epoxide compound] 
are useful as intermediates for pharmaceutical compounds such as HIV protease inhibitor and the like [see, for example, 
A. A. Malik, The 3rd International Conference on Organic Process Research & Development, Development of a Com- 

10 mercial Process for 2S,3S and 2R,3S-epoxides, 10-1 2th July 2000, Montreal, T. Archibald et al., Scientific Update 
Conference Manual, Chiral USA '99, Full Scale Chiral Separations Using SMB, 4th May 1999, San Francisco, Scientific 
Update]. 



[0003] The (2R,3S)-epoxide compound and (2S,3R)-epoxide compound are relatively difficult to crystallize and the 
development of a method of producing the crystals of these compounds at an industrial scale has been desired. While 
the production methods of these compounds are disclosed in JP-A-6-206857 (EP0580402), W099/38855, 
WO00/44736 and the like, they are not necessarily sufficient as a method for industrially producing the crystals. 

30 [0004] For example, JP-A-6-206857 (EP0580402) discloses a method comprising treating (2R,3S)-3-tert-butoxycar- 
bonylamino-1-chloro-2-hydroxy-4-phenylbutane with an aqueous KOH solution in ethanol to give (2R,3S)-epoxide 
compound, removing alkali and the like by extraction, dissolving the compound by refluxing in ethyl acetate and adding 
hexane to the obtained solution for crystallization. W099/38855 discloses a method comprising reacting (2R,3S)-3-tert- 
butoxycarbonylamino-2-hydroxy-4-phenyl-1-butanol with alkylsulfonyl halide compound or arylsulfonyl halide com- 

35 pound in an organic solvent in the presence of a base for sulfonation to give (2R,3S)-3-tert-butoxycarbonylamino- 
2-hydroxy-4-phenyl-1-methanesulfonyloxybutane, treating the compound with a base and crystallizing the obtained 
(2R,3S)-epoxide compound from an aliphatic hydrocarbon solvent such as hexane and the like. 
[0005] According to the above-mentioned methods, however, a complicated step of extraction and the like is neces- 
sary to remove alkali and the like remaining in the system after production of the (2R,3S)-epoxide compound. In addition, 

40 a poor solvent used (e.g., hexane etc.) dissolves the objective product of the present invention to some extent, and 
the crystallization ratio tends to decrease. Therefore, crystallization should be conducted at an extremely low temper- 
ature of -20°C (W099/38855) or -40°C (JP-A-6-206857) to increase the ratio. As such, these methods are not neces- 
sarily sufficient for industrial production. 

[0006] WO00/44736 discloses a crystallization method comprising treating (2R,3S)-3-tert-butoxycarbonylamino- 
45 1-chloro-2-hydroxy-4-phenylbutane with aqueous sodium hydroxide solution in acetone to give (2R,3S)-epoxide com- 
pound, separating the aqueous phase, dissolving the obtained (2R,3S)-epoxide compound in a mixed solvent of ace- 
tone and water and adding the resulting solution to water. According to this method, however, a solution of the objective 
product is added dropwise to a poor solvent to allow rapid crystallization. As a result, crystals may aggregate or form 
scales and the like depending on the conditions of the dropwise addition, stirring and the like. In addition, a solution of 
50 the objective product needs to be added into a different container containing the poor solvent, which makes the method 
not entirely suitable for an industrial production. 

[0007] The present invention aims at providing a method for industrial scale production of a crystal of (2R,3S)-3-tert- 
butoxycarbonylamino-1-epoxy-4-phenylbutane and a crystal of (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phe- 
nylbutane, which method ameliorates the above-mentioned problems (e.g., complicated operation, extremely lowtem- 
55 perature necessary for crystallization and the like). 

[0008] According to the present invention there is provided: 



[1] a method for producing crystalline (2R,3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane of the foi- 
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lowing formula (1) 




or (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane of the following formula (2) 




which method comprises (i) providing a solution of the (2R,3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylb- 
utane or the (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane in a polar solvent; (ii) starting cyrstal- 
lization in the polar solvent; and then (iii) adding water to the solution in which crystallization has started, to allow 
further crystallization. 

[2] The method of the above-mentioned [1], further comprising aging the crystals precipitated in step (ii) between 
steps (ii) and (iii). 

[3] The method of the above-mentioned [1], wherein the crystallization is conducted at a temperature of not higher 
than 16°C. 

[4] The method of the above-mentioned [V], wherein the polar solvent is one or more kinds of solvent(s) selected 
from group (A) consisting of methanol, ethanol, 1-propanol and 2-propanol, or a mixed solvent of water and one 
or more kinds of solvent(s) selected from the group (A). 

[5] The method of the above-mentioned [1], wherein the polar solvent is 2-propanol or a mixed solvent of water 
and 2-propanol. 

[6] A method of any of the above-mentioned [1 ] to [5] for producing crystalline (2R,3S)-3-tert-butoxycarbonylamino- 
1 ,2-epoxy-4-phenylbutane or (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane, wherein the step (i) 
of providing a solution is accomplished by treating (2R,3S)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phe- 
nylbutane of the following formula (3) 



OH 




wherein X is a halogen atom, or (2S,3R)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane of 
the following formula (4) 
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wherein X is a halogen atom, with a base in a polar solvent to give a solution of (2R,3S)-epoxide compound 
or (2S,3R)-epoxide compound in the polar solvent. 
[7] The method of the above-mentioned [6], wherein X is a chlorine atom. 

[0009] The present invention is described in detail in the following. In the present specification, (2R,3S)-epoxide 
compound and/or (2S,3R)-epoxide compound may be sometimes referred to as "the objective product". 

Production methods of (2R,3S)-epoxide compound and (2S,3R)-epoxide compound 

[0010] The (2R,3S)-epoxide compound is a known compound, which can be produced by, for example, treating (2R, 
3S)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane of the following formula (3) 



OH 




wherein X is a halogen atom, with a base. Similarly, the (2S,3R)-epoxide compound can be produced by, for example, 
treating (2S,3R)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane of the following formula (4) 




wherein X is a halogen atom, with a base [see, for example, JP-A-6-206857 (EP0580402) etc.]. 

[0011] As the halogen atom at X, chlorine atom and bromine atom are preferable, and particularly chlorine atom is 

preferable. 

[0012] The base to be used for the production of (2R,3S)-epoxide compound and (2S,3R)-epoxide compound is not 
particularly limited, but preferred are, for example, potassium hydroxide, sodium hydroxide, potassium carbonate, so- 
dium carbonate, sodium methoxide, sodium ethoxide and potassium tert-butoxide. 

[0013] As the polar solvent to be used for the production of (2R,3S)-epoxide compound and (2S,3R)-epoxide com- 
pound, those used for the crystallization step to be mentioned below are exemplified. 

[0014] The above-mentioned (2R,3S)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane is also a 
known compound, which can be produced by, for example, reducing (3S)-3-tert-butoxycarbonylamino-1 -halo-4-phenyl- 
2-butanone. Similarly, (2S,3R)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane can be produced by, for 
example, reducing (3R)-3-tert-butoxycarbonylamino-1-halo-4-phenyl-2-butanone [see, for example, P. Raddatz et al., 
J. Med. Chem., 34, 11, 3269 (1991), A. A. Malik, The 3rd International Conference on Organic Process Research & 
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Development, Development of a Commercial Process for 2S.3S and 2R,3S-epoxides, 1 0-1 2th July 2000, Montreal, or 
T. Archibald et al., Scientific Update Conference Manual, Chiral USA '99, Full Scale Chiral Separations Using SMB, 
4th May 1999, San Francisco, Scientific Update]. 

5 Crystallization method of (2R,3S)-epoxide compound and (2S,3R)-epoxide compound 

[0015] The crystallization method is explained in the following by referring to (2R,3S)-epoxide compound as an ex- 
ample. An optical isomer thereof, (2S,3R)-epoxide compound, can also be crystallized by a similar method. 
[0016] First, (2R,3S)-epoxide compound is dissolved in a polar solvent. The polar solvent in the present invention is 

10 not particularly limited as long as it is a good solvent for the objective product and easily miscible with water. Examples 
of the polar solvent include organic solvent miscible with water (e.g., methanol, ethanol, 1-propanol, 2-propanol, ace- 
tone, 2-butanone, acetonitrile, tetrahydrofuran etc.), where one or more kinds of these may be used in combination, a 
mixed solvent of one or more kinds of these organic solvents and water, and the like. Preferable polar solvent may be, 
for example, alcohol such as methanol, ethanol, 1-propanol, 2-propanol and the like, and a mixed solvent of these 

is alcohols and water, particularly preferably 2-propanol and a mixed solvent of water and 2-propanol. Water acts as a 
poor solvent for the objective product. A different solvent may be present as long as the effect of the present invention 
is not impaired. 

[0017] When the above-mentioned mixed solvent of an organic solvent and water is used as a polar solvent, the 
mixing ratio varies depending on the content of the objective product, crystallization temperature and the like. A suitable 
20 ratio can be determined appropriately by those of ordinary skill in the art. Preferable volume ratio is water being not 
more than 10, more preferably not more than 5, relative to organic solvent being 1. 

[0018] The concentration of the polar solvent solution containing the objective product, which is to be subjected to 
a crystallization step, is not particularly limited. Preferable conditions can be determined appropriately by those of 
ordinary skill in the art, in consideration of the kind of the polar solvent to be used, crystallization temperature and the 

25 like. Preferable concentration is not lower than 5 wt%. 

[0019] When (2R,3S)-3-tert-bntoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane is treated with a base to give 
(2R,3S)-epoxide compound and the above-mentioned polar solvents are used as a reaction solvent, the reaction mix- 
ture can be used as it is or used directly for a crystallization step after appropriate concentration. In this way, the 
objective product can be produced more conveniently. In this case, the base and the like present in the reaction mixture 

30 do not need to be removed specifically, but the reaction mixture is preferably subjected to crystallization after neutral- 
ization with an acid, such as hydrochloric acid, sulfuric acid, citric acid and the like. 

[0020] According to the present invention, water is added to a solution of the objective product in a polar solvent to 
allow crystallization. Because water, which is a poor solvent, is added to the solution containing the objective product, 
the crystals can be precipitated under relatively mild conditions, and scaling is not produced easily. 

35 [0021 ] On the other hand, in the case that the crystallization is performed, for example, by cooling in a mixture solvent 
of water and a polar solvent without adding water, the resulting slurry is inferior in fluidity and the obtained crystals are 
inferior in filtration property and separation property, so that it is not suitable for an industrial production. 
[0022] The crystallization is preferably performed at a temperature of not higher than 1 6°C, at which the solvent does 
not solidify. For example, the crystallization is preferably performed at -10°C to 16°C, particularly preferably 0°C to 

40 10°C. When crystallization is performed at a temperature exceeding 16°C, the objective product unpreferably tends 
to become oily. 

[0023] To produce a crystal superior in filtration property and separation property and to suppress coagulation and 
scaling of crystals in the present invention, crystallization is started and the precipitated crystals are preferably aged 
before adding water. 

45 [0024] The method for starting precipitation is not particularly limited, and, for example, (i) a method for adding water, 
(ii) a method for adding a seed crystal, (iii) a method for cooling the solution and the like are mentioned. These methods 
can be optionally combined. When, for example, the aforementioned (i) and (ii) are combined, the seed crystal can be 
added concurrently with water or thereafter. 

[0025] The amount of water to be added in (i) may be an amount that starts precipitation of the crystals of the objective 
50 product. The temperature of water to be added in (i) is not particularly limited, but it is preferably about the same as 
the temperature of the crystallization. 

[0026] The amount of addition of the seed crystal in (ii) can be determined as appropriate, which is generally pref- 
erably about 0.01% - 3% relative to the objective product present in a solution. 

[0027] The aging applied after starting the precipitation of the crystals is preferably performed under stirring and the 
55 temperature is preferably lowered from the temperature at the start of the crystal precipitation. The time of aging is not 
particularly limited, and is, for example, about 10 min - 24 h, preferably about 30 min - 2 h. 

[0028] Water is added after the aging step. Water is preferably added while appropriately stirring the solution of the 
polar solvent, thereby not to easily cause coagulation or scaling of crystals and the like. Those of ordinary skill in the 
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art can properly set the stirring conditions easily as long as such problems do not occur. Water can be added at a lower 
temperature than that for aging. 

[0029] The amount of water to be added also varies depending on the conditions of concentration, crystallization 
temperature and the like of the objective product and is not particularly limited. It is generally about 50 - 500%, preferably 

s about 1 00 - 300%, in volume ratio relative to the polar solvent when crystallization is started. The rate of adding water 
is not particularly limited, and water may be added gradually generally over 20 min to 4 h. The temperature of water 
to be added is not particularly limited, but preferably about the same as the crystallization temperature. Those of ordinary 
skill in the art can set the preferable amount and rate of addition of water and the like according to various conditions. 
[0030] According to the production method of the present invention, when a high polarity impurity is contained, it is 

10 removed to the mother liquor side, whereby the objective product can be separated from the high polarity impurity. 
Therefore, the method of the present invention can be used as a purification method of the objective product, (2R,3S)- 
epoxide compound and (2S,3R)-epoxide compound. 

[0031] When the objective product is obtained by the above-mentioned known method and the like, the objective 
product is subjected to the method of the present invention without isolation from the reaction mixture. As a result, 

15 alkali and salt contained in the reaction mixture are removed to the mother liquor side simultaneously with crystallization 
of the objective product. Consequently, the objective product obtained by a known method and the like can be easily" 
isolated as a crystal without particularly requiring extraction and the like. As such, the present invention provides a 
superior production method. Moreover, when the same polar solvent as used for the crystallization step is used for the 
production of the objective product, the reaction mixture can be used directly for the crystallization step, thereby af- 

20 fording production of the objective product by a more convenient method. 

[0032] The obtained crystal can be purified as necessary according to a conventional method, such as washing with 
a solvent, such as water, a mixed solvent of water and alcohol and the like, washing a slurry after adding water and 
the like, to provide a crystal having a higher purity. 

[0033] According to the production method of the present invention, (2R,3S)-epoxide compound and (2S,3R)-epox- 
25 ide compound, which cannot be obtained easily as a crystal, can be conveniently obtained, and the obtained crystals 
show uniform particle sizes and are superior in filtration property and separation property. Moreover, the method of the 
present invention produces crystals under relatively mild conditions, by the addition of a poor solvent to a solution 
containing the objective product. Therefore, control of the coagulation and scaling of the crystals is easy and the method 
is convenient. The resulting slurry is superior in fluidity, thereby preventing clogging of conduit and the like during 
30 delivery of the slurry from a crystallization can. 

[0034] The method of the present invention does not require a special or excessive solvent or manipulation, facility 
and the like. Therefore, it is a superior production method that can be conveniently employed for industrial production. 

Examples 

35 

[0035] Embodiments of the present invention are explained in detail in the following by way of Examples. It is needless 
to say that the present invention is not limited by these Examples. 

Reference Example 

40 

Production of (2R,3S)-epoxide compound 

[0036] (2R,3S)-3-tert-Butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane (1 8.5 g) was cast in a 500 ml round- 
bottom flask and 2-propanol (1 01 .05 ml) and water (33.75 ml) were added to allow dissolution. The mixture was cooled 
45 to 4°C. For stirring, a semicircular stirring plate (7.5 cm) was installed and the rate of rotation was set to 250 rpm. 
Aqueous NaOH solution (4 mol/L, 25.3 ml) was added to this solution and the mixture was stirred while maintaining 
the temperature at 4°C for 60 min. By the above operation, a reaction solution containing (2R,3S)-epoxide compound 
(15.24 g) was obtained. 

so Example 1 

[0037] While maintaining the reaction solution containing (2R,3S)-epoxide compound, which was obtained in the 
above-mentioned Reference Example, at 4°C, citric acid (2.16 g) and water (21.8 ml) were added to neutralize the 
reaction mixture. Water (20.2 ml) was further added and then a seed crystal (20 mg) was added and the start of 
55 precipitation was confirmed. After the start of the precipitation, the crystals were aged with stirring at 4°C for 1 h. While 
maintaining the reaction mixture at 4°C, water (101 ml, 4°C) was added dropwise thereto over 1 h with stirring. 
[0038] The particle size distribution of the crystal in the obtained slurry was measured with FBRM, M-500L (Lasentec). 
As a result, the average particle size was 100 urn, indicating that the slurry was free of bulky aggregates, had uniform 
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particle size distribution, superior fluidity and fine dischargeability. 

[0039] This slurry was filtered through Kiriyama filter paper 5A. The slurry showed fine filtration property and sepa- 
ration property ((2R,3S)-epoxide compound in wet crystals: yield 15.0 g, yield 98.4%). 

[0040] The obtained wet crystals were dried at 35°C in vacuo until water content became not more than 0. 1 % to give 
5 crystals of (2R,3S)-epoxide compound. 



[0041] While maintaining the reaction solution containing (2R,3S)-epoxide compound, which was obtained in the 
10 above-mentioned Reference Example, at 4°C, citric acid (2.16 g) and water (21.8 ml) were added to neutralize the 
reaction mixture. Water (20.2 ml) was further added and then a seed crystal (20 mg) was added and the start of 
precipitation was confirmed. After the start of the precipitation, the crystals were aged with stirring at 4°C for 1 h. While 
maintaining the reaction mixture at 4°C, water (101 ml, 4°C) was added dropwise thereto over 1 h with stirring. 
[0042] The particle size distribution of the crystal in the obtained slurry was measured with FBRM, M-500L (Lasentec). 
15 As a result, the average particle size was 100 jim, indicating that the slurry was free of bulky aggregates, had uniform 
particle size distribution, superior fluidity and fine dischargeability. 

[0043] This slurry was filtered through Kiriyama filter paper 5A. The slurry showed fine filtration property and sepa- 
ration property. 

[0044] To the obtained wet crystals was added water (202 ml) and the slurry was washed and filtrated. The obtained 
20 wet crystals were washed with water (202 ml) and dried at 35°C in vacuo until water content became no more than 
0.1% to give crystals of (2R,3S)-epoxide compound: yield 93.4% (14.23 g). 



25 [0045] (2R,3S)-3-tert-Butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (5.50 g) was dissolved in a mixed 
solvent of 2-propanol (13.2 ml) and water (5.0 ml), and the solution was cooled to 4°C. 29% Aqueous sodium hydroxide 
solution (2.92 ml) was added and the mixture was stirred at 4°C for 2.5 h. After the reaction was stopped by adding 
27.7% aqueous citric acid solution (2.1 g), water (4.2 ml) was added dropwise over 1 0 min with stirring, thereby seeding 
was completed. Water (17.2 ml) was further added dropwise over generally about 30 min - 4 h with stirring, and the 

30 mixture was stirred overnight at 4°C to crystallize (2R,3S)-epoxide compound. The obtained slurry was filtered through 
Kiriyama filter paper 5A, washed with water (44 ml) and dried overnight at room temperature under reduced pressure 
to give the objective crystal of (2R,3S)-epoxide compound (4.76 g, yield 98.6%). 

[0046] According to the present invention, the crystals of (2R,3S)-epoxide compound and (2S,3R)-epoxide com- 
pound superior in filtration property and separation property can be produced conveniently in a high yield by an industrial 
35 production method without requiring an extremely low temperature. 



40 1 . A method for producing crystalline (2R ,3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane of the following 



Example 2 



Example 3 



Claims 



formula (1) 



50 



45 




(1) 



or (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane of the following formula (2) 



55 
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(2) 



which method comprises (i) providing a solution of the (2R,3S)-3-tert-butoxycarbony!amino-1 ,2-epoxy-4-phenylb- 
utane or the (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane in a polar solvent (ii) starting crystal- 
lization in the polar solvent; and then (iii) adding water to the solution in which crystallization has started, to allow 
further crystallization. 

The method of claim 1, further comprising aging the crystals precipitated in step (ii) between steps (ii) and (iii). 

The method of claim 1 or claim 2, wherein the crystallization is conducted at a temperature of not higher than 1 6°C. 

The method of any one of the preceding claims wherein the polar solvent is one or more kinds of solvent(s) selected 
from group (A) consisting of methanol, ethanol, 1-propanol and 2-propanol, or a mixed solvent of water and one 
or more kinds of solvent(s) selected from the group (A). 

The method of claim 4, wherein the polar solvent is 2-propanol or a mixed solvent of water and 2-propanol. 

A method according to any one of claims 1 to 5 for producing crystalline (2R,3S)-3-tert-butoxycarbonylamino- 
1 ,2-epoxy-4-phenylbutane of the following formula (1) 




(i) 



or (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane of the following formula (2) 




H 



(2) 



wherein the step(i) of providing a solution is accomplished by treating (2R,3S)-3-tert-butoxycarbonylamino-1 -halo- 
2-hydroxy-4-phenylbutane of the following formula (3) 
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OH 




wherein X is a halogen atom, or (2S,3R)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy"4-phenylbutane of the fol- 
lowing formula (4) 




wherein X is a halogen atom, with a base in a polar solvent to give a solution of the (2R,3S)-3-tert-butoxycarbo- 
nylamino-1,2-epoxy-4-phenylbutane or the (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane in the 
polar solvent. 

7. The method of claim 6, wherein X is a chlorine atom. 



Patentanspruche 

1. Verfahren zur Herstellung von kristallinem (2R,3S)-3-tert-Butoxycarbonylamino-1 ,2-epoxy-4-phenylbutan der fol- 
genden Formel (1) 




Oder (2S,3R)-3-tert-Butoxycarbonylamino-1,2-epoxy-4-phenylbutan derfolgenden Formel (2) 
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welches (i) das Bereitstellen einer Losung des (2R,3S)-3-tert-Butoxycarbonylamino-1,2-epoxy-4-phenylbutans 
Oder des (2S,3R)-3-tert-Butoxycarbonylamino-1 ,2-epoxy-4-phenylbutans in einem polaren Losungsmittel, (ii) das 
Starten der Kristallisation in dem polaren Losungsmittel und dann (iii) das Zugeben von Wasser zu der Losung, 
worin die Kristallisation begonnen hat, zur weiteren Kristallisation umfaBt. 

Verfahren nach Anspruch 1, welches auBerdem das Reifen der in Stufe (ii) ausgefallten Kristalle zwischen den 
Stufen (ii) und (iii) umfaBt. 

Verfahren nach Anspruch 1 oder 2, wobei die Kristallisation bei einer Temperatur von nicht mehr als 16°C durch- 
gefuhrt wird. 

Verfahren nach einem der vorstehenden Anspruche, wobei das polare Losungsmittel eines oder mehrere der 
Losungsmittel, die aus der Gruppe (A) ausgewahlt sind, die aus Methanol, Ethanol, 1-Propanol und 2-Propanol 
besteht, oder ein gemischtes Losungsmittel aus Wasser und einem oder mehreren der aus der Gruppe (A) aus- 
gewahlten Losungsmitteln ist. 

Verfahren nach Anspruch 4, wobei das polare Losungsmittel 2-Propanol oder ein gemischtes Losungsmittel aus 
Wasser und 2-Propanol ist. 

Verfahren nach einem der Anspruche 1 bis 5 zur Herstellung von kristallinem (2R,3S)-3-tert-Butoxycarbonylamino- 
1,2-epoxy-4-phenylbutan derfolgenden Formel (1) 




oder (2S,3R)-3-tert-Butoxycarbonylamino-1,2-epoxy-4-phenylbutan derfolgenden Formel (2) 




wobei die Stufe (i) des Bereitstellens einer Losung durch Behandeln von (2R,3S)-3-tert-Butoxycarbonylamino- 
1-halo-2-hydroxy-4-phenylbutan derfolgenden Formel (3) 
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worin X ein Halogenatom ist, 

Oder von (2S,3R)-3-tert-Butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutan der folgenden Formel (4) 




worin X ein Halogenatom ist, 

mit einer Base in einem polaren Losungsmittel unter Bildung einer Losung des (2R,3S)-3-tert-Butoxycarbonylami- 
no-1,2-epoxy-4-phenylbutans oder des (2S,3R)-3-tert-Butoxycarbonylamino-1,2-epoxy-4-phenylbutans in dem 
polaren Losungsmittel erreicht wird. 



7. Verfahren nach Anspruch 6, wobei X ein Chloratom ist. 



Revendications 



1 . Methode de production de (2R,3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane cristallin de la formule 
suivante (1) 




(i) 



ou (2S,3R)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane de la formule suivante (2) 
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laquelle methode consiste a (i) produire une solution du (2R,3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenyl- 
butane ou du (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane dans un solvant polaire ; (ii) debuter 
la cristatlisation dans le solvant polaire ; et (Hi) ajouter de I'eau a la solution dans laquelle la cristallisation a debute 
pour permettre une plus ample cristallisation. 

15 

2. Methode de la revendication 1 , comprenant de plus le vieillissement des cristaux precipites a I'etape (ii) entre les 
etapes (ii) et (iii). 

3. Methode de la revendication 1 ou de la revendication 2, ou la cristallisation est entreprise a une temperature qui 
20 ne depasse pas 16°C. 

4. Methode de Tune quelconque des revendications precedentes, ou le solvant polaire est un ou plusieurs types de 
solvant(s) selectionne(s) dans le groupe (A) consistant en methanol, ethanol, 1-propanol et 2-propanol, ou un 
solvant melange d'eau est d'un ou plusieurs types de solvant(s) selectionne(s) dans le groupe (A). 

25 

5. Methode de la revendication 4, ou le solvant polaire est 2-propanol ou un solvant melange d'eau et 2-propanol. 

6. Methode selon Tune quelconque des revendications 1 a 5, pour la production de (2R,3S)-3-tert-butoxycarbonyla- 
mino-1,2-epoxy-4-phenylbutane de la formule (1) qui suit 

30 



35 




40 

ou (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane de la formule (2) qui suit 



45 



50 




ou I'etape (i) de produire une solution est accomplie en traitant du (2R,3S)-3-tert-butoxycarbonylamino-1-halo- 
2-hydroxy-4-phenylbutane de la formule (3) qui suit 

55 
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ou X est un atome d'halogene, ou du (2S,3R)-3-tert-butoxycartx)nylamino-1-halo-2-hydroxy-4-phenylbutane de la 
formule (4) qui suit 




ou X est un atome d'halogene, avec une base dans un solvant polaire pour donner une solution du (2R,3S)-3-tert- 
butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane ou du (2S,3R)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenyl- 
butane dans le solvant polaire. 

Methode de la revendication 6, ou X est un atome de chlore. 
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